In-line high-shear mixers can be used for continuous or batch dispersion operations depending on how the pipework is arranged. In our previous work (Carrillo De Hert and Rodgers, 2017a) we performed a transient mass balance to establish the link in-between these two arrangements; however this model was limited to the estimation of the mode of dispersed phases yielding simple monomodal drop size distributions. In this investigation we expanded the previous model to account for the shape of the whole drop size distribution. The new model was tested by performing experiments under different processing conditions and using two highly viscous dispersed phases which yield bimodal drop size distributions. The results for the continuous arrangement experiments were fit using two log-normal functions and the results for the recycle arrangement by implementing the log-normal function in the previously published mass balance. The new model was capable of predicting the d 32 for different emulsification times with a mean absolute error of 12.32%. The model presented here was developed for liquid blends, however the same approach could be used for milling or de-agglomeration operations.
for n = 1, 2, .., n − 1, n
where (n/Q) is proportional to the residence time of the material inside the 
27
Therefore the lowerQ the more times the emulsions re-enters the region where 28 drop breakup occurs.
29
We did not do experiments at different scales, however there is strong 
Furthermore we correlated the DSDs using a simple mixing rule
where
the drop size distribution of the large and small drops respectively; and φ s,n 38 is the volume fraction of the small drops for the nth pass through the RS. We 39 further used Generalised Gamma probability density functions for f v,n,L (d i )
40
and f v,n,s (d i ) and the power-law function below for φ s,n
Previous study: recycle arrangement
42
In the recycle arrangement (see Fig. 1b expected to have a mixture of material that has passed n times, the fraction 45 of each material φ n is a function of time t, volume of the vessel V T and ofQ.
46
As can be expected, the DSD distribution of the coarse emulsion is important in this arrangement until its complete consumption.
48
In Carrillo De Hert and Rodgers (2017a) we did a transient mass balance
49
to obtain φ n as a function of the aforementioned variables, the expression for
where t res,T = V T /Q is the mean residence time of the material in the tank. showed that the DSD for n > 0 were monomodal and had the same shape, a 57 mixing rule to estimate the M o was used
Substituting Equation 1 and 6 in Equation 7 lead to 
74
The interfacial tension in-between the dispersed phases and the continuous 75 phase σ are also shown in Table 1 ; these were obtained using a K11 Mk4
76
Tensiometer (KRUSS, Hamburg, Germany) and a KRUSS platinum-iridium 77 standard ring.
78 Table 1 : Relevant properties of the Silicon Oils used at 25
• C. These same properties have been previously reported in Carrillo De Hert and Rodgers (2017a,b) Table 2 . 
Number of holes 240

Methods
84
The coarse emulsions were prepared using an unbaffled cylindrical vessel 
90
For the continuous arrangement, the coarse emulsion was fed to the RS at 91 the experimental conditions specified in Table 3 . After the volume in feeding 92 tank was consumed, the connecting tubes were rinsed with fresh water and 93 purged. The tanks were swapped and the process was repeated for n number 94 of passes. Samples were taken after the whole volume was processed while 95 the tank was being stirred.
96
The recycle arrangement experiments were performed at the sameQ and
97
N as for the continuous arrangements under the conditions specified in Table   98 3. Samples were taken for different t. were stored and analysed as soon as the previous sample was analysed.
99
101
The experimental conditions listed in Table 3 to transform the cumulative frequency histogram into a probability density 118 distribution. After normalizing, the DSD were fit using probability density 
The DSD were fit using a mixing rule (Eq. 4) and we used two Generalised 
where d G is the logarithmic mean of the DSD and s G the logarithmic standard 134 deviation.
135
In this section we provide the new fit parameters for the simplified fit- 
The standard deviations of the distributions (s G,L and s G,s ) were also obtained 143 using the method of the least squares but these were considered to be indepen-144 dent of µ and the processing conditions. The coefficient obtained using the 
The The authors recognise the limitations of using a power-law function to 161 parametrise φ s , as these function can yield values higher than unity; however 162 within the experimental range studied it was not possible to correlate our 163 results using a function that runs from 0 to 1 (such as a cumulative log-normal 164 distribution). 
where φ n can be obtained by Equation 6 and f v,n (d i ) is the frequency of the 172 ith drop size for the material that has passed n number of times through the 173 RS.
174
The examples that will be given in Section 5 consist of bimodal coarse emulsions and bimodal DSD for any n > 0. Using the mixing rule in Equation   4 , the following equation can be derived
where φ s,n is the relative volume fraction of the small drops of the material that has passed n-times through the RS and, f v,n,L (d i ) and f v,n,s (d i ) are the frequency of the ith drop size of the material for n-passes for the large and small types of drops respectively. Substituting Equation 6 in 14 yields
As seen in Section 5, f v,n,L (d i ) and f v,n,s (d i ) can be given by cumulative log-normal distribution difference and φ s,n by a power-law function.
Results and discussion
177
Continuous arrangement results
178
The results obtained for both SiOil are shown in Figure 2 . The same 179 trends found in Carrillo De Hert and Rodgers (2017b) were observed: (1) no 180 steady-state DSD was found for n = 7 and (2) the large drops are n-dependent 181 while the small drops are n-independent (see Fig. 3 ). The DSD were fit using the cumulative log-normal distributions. Never-theless, the parametrization was only done as a function of n for each set of 184 experiments to prove the extended model (Sec. 4) in Section 5.2 with the 185 most accurate accurate parameters.
186
The fit for the coarse material was fit independently of the n > 0 distribu-187 tions, as no correlation in-between these was found in this work nor by Hall Table 6 for the coarse emulsions obtained for both SiOils.
192
For the n > 0 distributions, the large drop sizes are n-dependent and, as 
The values of all the variables for the large and small drops for n > 0 are also 201 displayed in Table 6 , while two examples of the appearance of the fits are 202 shown in Figure 4 . Figure 5 shows the DSDs obtained using the recycle arrangement for the Table 3 for (a) the 350 cSt SiOil and for (b) the 1000 cSt SiOil.
Equation 15 was combined with Equations 9, 10 and with the fit constants 214 obtained for the continuous arrangement experiments listed in Table 6 to fit 215 the recycle arrangement DSDs shown in Figure 5 . for highly-viscous dispersed phases which tend to produce bimodal DSD.
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